Abstract Environmental and spatial variables can distinctly influence the occupancy frequency distributions in stream fish. From a metacommunity context, we tested the following hypothesis, intermediate species are governed by dispersal and niche-based processes; in contrast, satellite species are governed by niche-based processes. To test this, we separately analyzed three data sets, the entire metacommunity, the intermediate species and the satellite species, using a forward selection of explanatory variables, and a partial Redundancy Distance Analysis. The fish and 31 variables of 52 stream reaches of a Brazilian river basin in the Western Amazon were collected during the dry period of 2012. The results for all of the data set revealed two different patterns: on one side, satellite species revealed that niche and dispersal-based processes were the most important; on the other side, for intermediate species and for all of the species set, only dispersal-based processes were the most important. For the data set including all of the species and the intermediate species, the variance was explained mainly by landscape scale variables. By contrast, the variance within the satellite species set was explained by local scale variables. Management efforts for intermediate species should be taking at larger scale, but they are usually less critical for the maintenance of aquatic biodiversity; on the other hand, management efforts for satellite species should be taken at smaller scale and based on specific biological and ecological information for the focal species.
Introduction
Metacommunities can be defined as a set of local communities that are linked by the dispersal of multiple potentially interacting species (Gilpin and Hanski 1991; Leibold et al. 2004) . Dispersal in the metacommunity context is the unidirectional or bidirectional movement of individuals from donor populations (emigration) to potential colonization sites (immigration) (Leibold et al. 2004 ), this concept is often mistaken for two other organism relocation forms, movement and migration (Jacobson and Peres-Neto 2010) . Movement works on the smallest scale and encompasses normal foraging movements and any behavior within the organisms home range (McMahon and Matter 2006; Jacobson and Peres-Neto 2010) ; and migration is linked to the population scale (Jacobson and Peres-Neto 2010) and is the cyclical distant movement of individuals or populations away from their source (Nathan et al. 2003; Jacobson and Peres-Neto 2010) .
According to the significant variance of the pure environmental fraction and/or pure spatial fraction for a data set it is possible identify the importance of nichebased processes and/or dispersal-based processes, this approach would offer potential causal mechanisms for revealing a variety of metacommunity models in nature (Cottenie 2005 ). The relative importance of different processes may vary for different species groups as species clustered according to their functional traits (Algarte et al. 2014) , their specialization degree (Pandit et al. 2009) or their rarity (Heino and Soininen 2010; Siqueira et al. 2012; Petsch et al. 2015) . This deconstructive framework consists in Bturning to the roots^of what is being examined, or Bdisaggregation,^to make recognizable what is undetected (Marquet et al. 2004 ) and can be a useful way to test hypotheses that go beyond the simple identification of the relative importance of spatial and niche-based processes in modeling the community structure as a whole (Algarte et al. 2014 ). For example, Pandit et al. (2009) demonstrated that habitat specialists are governed by niche processes and habitat generalists are governed by regional processes. This approach could be more informative, suggesting different predictions about the dynamics of specialists and generalists under different metacommunity models.
In communities with high species richness, it is more difficult to understand the relative importance of environmental versus spatial factors on community dynamics. Therefore, it is necessary and recommended partitioning the communities to detect ecological patterns (Marquet et al. 2004) . Freshwater fish communities represent good models for metacommunity studies due to the following characteristics: (a) they are restricted to the aquatic environment and are influenced by both local and landscape scales (reach, stream, microbasin, and basin) (Schlosser 1991; Fausch et al. 2002; Pusey and Arthington 2003; Lorion and Kennedy 2009; Fernandes et al. 2012) ; (b) they have a good relocation capacity (Schlosser 1991; Fausch et al. 2002) , which is influenced by the spatial scale; (c) they can be classified in groups according to their feeding tactics and micro and mesohabitat use ). In addition, fish communities from the tropics come from diverse ecosystems, often with great richness and abundance compared to temperate communities (Lowe-McConnell 1975) . In view of the foregoing, classifying species according the form of their occupancy frequency distribution (OFDs) (i.e. satellite species, intermediate species, core species) may be a good way to handle rich fish community data from tropical regions. Hanski (1982) defined three groups according their OFDs: core species, regionally common and locally abundant and relatively well spaced-out; satellite species, regionally and locally rare species; and intermediate species, located between the satellite species and core species. Posteriorly, Tokeshi (1992) proposed a test to evaluate three distribution patterns in communities: bimodal, evidences dominance of satellite and core species; single-modal, evidences dominance of satellite species (positive skew) or core species (negative skew); and uniform, evidences that not support a pattern.
In the present study, we used a deconstructive approach based on OFDs, to explore the processes (nichebased processes and/or dispersal-based processes) shaping the metacommunity structure of stream fish fauna. The previous evidences showed that satellite species respond to niche-based processes (according habitat specialization Pandit et al. 2009; according OFDs Heino 2015) and core species respond to dispersalbased processes (according habitat specialization Pandit et al. 2009 ), then is expected that intermediate species respond to both processes, niche-based processes and dispersal-based processes. We divided fish species from the Machado River basin into three groups according to their occupancy frequency distribution, which was determined on the basis of species occurrence patterns: intermediate species, satellite species and all species group. We predicted that three responses might be applicable to our data set:
(1) intermediate species will respond to spatial variables (dispersal-based processes) based on the interfluvial distance among streams and distance among subbasins, proxies for dispersal limitation; and also, will respond to environmental variables (niche-based processes). This prediction assumes that intermediate species has broad environmental and spatial tolerances, so both, environmental and spatial variables will account for little variation in their abundance and spatial distribution; (2) on the other hand, we predicted that the satellite species would be explained mostly by environmental variables (niche-based processes). This prediction assumes that species with very specific habitat requirements have a strong relation with environmental variables. For example, some stream fish species are associated exclusively to coarse litter , hard substrates (Casatti and Castro 1998 ) (gravel, cobble and boulder) or woody elements (branches and tree trunks, fine roots, exposed coarse roots, and coarse litter); and (3) considering the species abundance distribution theory (May 1975; Pielou 1975; Hughes 1986) , where most of the species are represented by a small number of individuals (Hughes 1986 ) (e.g., the satellite species), and most of the individuals belong to a small number of abundant species (Hughes 1986 ) (e.g., the core species), we expected that the entire metacommunity group would reveal the same pattern as the intermediate species (niche-based processes) due to the influence of their high species richness.
Methods

Study area
The Madeira River, in the Brazilian Amazon, is an example of highly diverse system. Contrary to most tropical waters in the world, the fish fauna of this region is sufficiently known because of recent efforts from taxonomists, who documented 920 species (TorrenteVilara et al. 2013) . For the entire Madeira basin, the number cited by Torrente-Vilara et al. (2013) is probably underestimated because streams and the upper region of the basin were not sampled. For example, in a tributary basin of the Madeira River (the Machado River), the stream fish fauna comprised 140 species, some of them with a small range of distribution (Casatti et al. 2013) . The Machado River is a tributary on the right side of the Madeira River, in the Western Amazon. The Machado River basin is situated in the state of Rondônia, Brazil (Fig. 1) , comprises 13 subbasins (ANA 2017), 75,400 km 2 , with an altitude gradient that varies between 75 and 600 m (Krusche et al. 2005) . The main soil types in the basin are represented by oxisol and ultisol (47 and 24% of the total, respectively, Ballester et al. 2012 ). The climate is tropical monsoon (Alvares et al. 2014) , with an average temperature varying between 19 and 33°C and annual average precipitation of approximately 2500 mm (Krusche et al. 2005) . The hydrological regime in that basin consists of a dry period between June and December, with the lowest level between August and September, and a rainfall period between January and May, with the highest level in February, according to data available by ANA (2017) .
Since the 1970s, the Machado River basin has been modified with the introduction of settlement projects along the inter-state highway (Alves et al. 1998 ) that connects the southeast state of São Paulo to the western state of Acre. The central portion of the basin demonstrates high levels of human influence, with large livestock areas; the upper and lower portions of the basin are less modified, with higher proportions of forests (Krusche et al. 2005) . The vegetation can be classified into three stages (Ferraz et al. 2005 ): (i) open primary wet tropical forest, with no sign of disturbance and trees of 20 to 40 m height; (ii) secondary forest, resulting from abandonment of cleared forest lands generally from agriculture (Brown and Lugo 1990) , and trees of 5 to 20 m height (Fernandes et al. 2012) ; and (iii) pasture grasses, without forests, which include livestock farms (Fernandes et al. 2012 ).
Sampling design
We restricted our sampling to 'terra-firme' streams in order to standardize the type of stream that would be sampled. According to Pazin et al. (2006) , the term 'terra-firme' refers to tropical rain forests that are not seasonally inundated by the surrounding rivers. Therefore, the sampled streams were not seasonally flooded, as other types of streams in the Amazon are. The streams were chosen through thematic maps produced a priori. We generated a hydrographic network using the ArcSWAT hydrological model based on SRTM DEM satellite images (90 × 90 m resolution), which were originated from NASA and made available by the United States Geological Survey (USGS), considering 1000 ha as the minimum contribution area. Then, we requested the ArcSWAT to define microbasin limits, ranging from 1000 ha to 5000 ha. The term microbasin become popular due to the need to emphasize the work of local extension with a small number of properties that together occupy an area ranging from 1000 to 10,000 ha of land (Resck 1992) .
In the field, we chose sites that were <1.5 m, perennial, and accessible; after doing this in situ selection, we sampled 52 stream reaches. Each reach was 80 m long and was sampled during the dry period, in June and July of 2012.
Sampling of variables
We sampled 29 environmental variables that were subdivided into local environment variables (S = 23) and landscape variables (S = 6), we used the standard deviation to assess the heterogeneity of local variables and the percentage for the landscape variables (Table 1) . The six subsets of environmental variables measured (Schlosser 1991; Fausch et al. 2002; Fernandes et al. 2012 ).
To represent the spatial variables were obtained two predictors, the fluvial distance and subbasins. The fluvial distance was estimated using a triangular matrix containing the watercourse distance between sites with the Network Analyst extension in the ArcGIS software (Version 9.3). Due to long distances among sites, the categorical variable subbasin was included, this information was obtained from ANA (2017).
Fish sampling
To collect fish, we adopted a combination of gear in order to use the most appropriate gear for each mesohabitat within each stream reach. We used a hand seine (2 mm mesh) for runs and pools with a sandy bottom and without submerged structures and a dip net (2 mm mesh) for riffles and pools with hard substrate, trunks, and branches on the banks or in the bottom. The hand seine was operated by two collectors, and the collection effort was standardized for all reaches, being one hour long in each reach. We fixed the fishes in a 10% formalin solution and later transferred them to a 70% ethanol solution. We deposited all collected specimens in the fish collection of the Department of Zoology and Botany (DZSJRP), São Paulo State University (UNESP), São José do Rio Preto, São Paulo, Brazil.
Deconstruction by regionally occupancy
Testing the pattern of spatial distribution in fish metacommunity
The occupancy of each fish species (S = 121) was described as the proportion of reach streams occupied; species-occupancy histogram was graphed; the x-axis denoted 10 classes of species proportional occupancies (from 0 to 0.1 to 0.9-1.0), the y-axis represented the number of species present in each class. The modality of the occupancyfrequency distribution (OFD) in the fish metacommunity was tested using the Bbimodalŝ pecies frequency distribution proposed by Tokeshi (1992) , used by Heatherly et al. (2007) and Heino (2015) . The Mitchell-Olds & Shaw Test for the Location of Quadratic Extreme (MOStest) was used to execute the Tokeshi's test (Oksanen et al. 2011) Using the form of OFD to deconstruct the metacommunity in intermediate and satellite species Separation of species or individuals based on measures of OFD's, using ten classes of species proportional occupancies, has been used for different freshwater taxa at assemblage level, for example, fish assemblages (Hugueni 1990 , epiphytic chrironomid assemblages (Tokeshi 1992) , the meta-analysis of datasets of plants, vertebrates and invertebrates (McGeoch and Gaston 2002) and stream insect assemblages (Heino 2015) . At metacommunity level exists some studies for different taxa, for example, the meta-analysis of datasets of aquatic and terrestrial plants, vertebrates and invertebrates (Jenkins 2010) , and tropical arboreal ants (Livingston and Philpott 2010) .
We used the concept of regionally occupancy proposed by Hanski (1982) , and separated the groups of species according the criteria commonly used (Heatherly et al. 2007; Heino 2015) , core species were defined as those occupying >90% and satellite species occupied ≤10% of the 52 stream reaches sampled. The proportion of sites occupied varied from 0.02 (one site) to 0.69 (36 sites). Among the 121 species, 45 were found only once (0.02) or twice (0.04) in the Machado River basin, due to their limited occurrence these singletons and doubletons were excluded from the analysis. Values from 0.06 to 0.10 were narrow range species considered as satellite species; values from 0.11 to 0.90 were medium range species considered as intermediate species; values from 0.91 to 1.00, corresponding to core species were not founded. In this manner, we produced three data sets, one with all species, (AS), one with only intermediate species (IS), and one with satellite species (SS) ( Fig. 2 Table 2 ).
Data analysis
Standardizing and removing variables
The species abundance matrix was standardized using the Hellinger standardization method (Legendre and Gallagher 2001) .
Ten of 29 environmental variables were removed. The percentage of bedrock, pteridophytes, eptisol, entisol and alfisol were eliminated because they had many zero entries in the matrix; water temperature, conductivity and boulder were removed due to positive correlations with bare soil, grass, and cobble, respectively (≥ 0.8, P < 0.005); and width and dissolved oxygen were removed due to negative correlations with depth and coarse litter, respectively (≥ −0.8, P < 0.005). The 19 environmental variables remaining were centralized.
To construct spatial variables representing structures of all relevant scales, we used the Bpcnm^function from the vegan package, this function computes PCNM (principal coordinates of neighbour matrices) by the principal component analysis of the truncated riverine distance matrix. Following the procedure proposed by Borcard et al. (2011) , only the PCNM variables with positive spatial correlation are selected; consequently, from 39 PCNM variables created, were selected ten. Considering that sites are spatially aggregated in some subbasins and the long distance between sites, subbasin was included as a spatial categorical variable, this information was extracted from ANA (2017); the sites were classified in eight from 13 subbasins of Machado River basin. The ten PCNM variables selected and subbasin were centralized.
Thus, for subsequent analyses, we took into account 19 explanatory environmental variables for all data sets; 10 explanatory spatial variables for intermediate species and all species; and six explanatory spatial variables for satellite species.
Selecting the explanatory variables
A subset of explanatory environmental (local or landscape scale) and spatial (PCNM variables and subbasin) variables for each group (all species, intermediate species, and satellite species) were selected using the modified forward selection procedure, proposed by Blanchet et al. (2008) . In this method, the global model using all explanatory variables is tested, and the analysis proceeds if the result is significant. Then the forward selection considers two additional criteria, namely the alpha significance level of each explanatory variable, and the adjusted coefficient of multiple determination (R 2 adj) calculated with all explanatory variables. Accordingly, an explanatory variable is selected if P < 0.05 and if its R 2 adj does not exceed the R 2 adj of the full model (Blanchet et al. 2008; Algarte et al. 2014) .
Determining the importance of the environmental and spatial variables in the three groups
Finally, we conducted a partial Redundancy Analysis (pRDA) to estimate the relative importance of explanatory environmental (local and landscape) and spatial (fluvial distance and subbasins) variables in explaining the variation in abundance-weighted species composition. This method is an extension of the linear regression, with corresponding R 2 measures and the amount of variation that can be attributed to independent sets of explanatory variables: environmental (E), or spatial (S) (Cottenie 2005; Borcard et al. 1992 ). We applied the unbiased variation partitioning analysis suggested by Peres-Neto et al. (2006) to calculate the variance explained exclusively to E or S. We carried out a separate analysis for each group of species (All species, intermediate species, and satellite species).
According to Borcard et al. (1992) and Cottenie (2005) significance of these components with Monte Carlo permutation tests (999 permutations) and inferred which metacommunity perspectives best explain each data set, based in significance of each component, the cut-off point defined was α =~5%.
The correlation matrix was carried out in Statistica 12. The remaining analyses were carried out in R 2.15.2 (R Development Core Team 2011); the vegan package was used to standardize the variables, to execute the MOS test and the pRDA; the PCNM package was used to create and select the PCNM variables; and the packfor package was used to model selection.
Results
All data sets were all significantly related to environmental variables (at local and landscape scales) in the global environmental RDA model (PGenv).
All data sets were all significantly related to spatial variables in the global environmental RDA model (PGspa). All data sets were all significantly related to the pure spatial fraction ([SIEI]) in the RDA: overall fish assemblage (R 2 adj = 0.078; P = 0 . 0 0 0 1 ) , i n t e r m e d i a t e s p e c i e s s e t (R 2 adj = 0.057; P = 0.0001) and satellite species set (R 2 adj = 0.095; P = 0.0001). Only satellite species set was significantly related to the pure environmental fraction ([EISI]) (R 2 adj = 0.12; P = 0.0001) ( Table 3) .
Two environmental variables were the most important to explain fish community structure for all data sets: percentage of forest at microbasin scale (FO) and the percentage of trees at the stream reach riparian buffer scale (TRE) ( Table 4 ). The other significant environmental variables to explain fish assemblage composition, but with a very low variance explanation for each data set for overall fish assemblage was ultisol (UL); (Fig. 3 , Table 4 ). The satellite species set was mostly explained by local-scale variables, 8.7% of variance, and landscape-scale variables were of minor importance explained 3.7% of the variance (Fig. 3 , Table 4 ). , [E + S] (%): proportion of cumulated assemblage variation explained by pure environmental, pure spatial, and shared fractions; P[E|S]: P values associated with the pure environmental fractions, P[S|E]: P-values associated with the pure spatial fractions; MC P: metacommunity perspectives inferred.´: P < 0.1; *: P < 0.05; **: P < 0.01; ***: P < 0.001; ****: P < 0.0001; P values are based on 9999 permutations. FO, Forest; TRE, Trees; UL, Ultisol; SHR, Shrubs; OX, Oxisol; BAS, Bare soil; BAT, Branches and tree trunks; SAN, Sand. DI1-DI5, Eigenvectors with positive correlation; SUB Subbasin Environ Biol Fish (2017) 100:1527-1541 1535 Local-scale 4.9 5.3 8.7
Landscape variables: FO, Forest; UL, Ultisol; OX, Oxisol. Local scale variables: TRE, Trees; BAS, Bare soil, BAT, Branches and tree trunks; SAN, Sand P < 0.1; *: P < 0.05; **: P < 0.01; ***: P < 0.001; ****: P < 0.0001; P-values are based on 9999 permutations
The spatial variable riverine distance was the most important to explain fish community structure for satellite species; whereas the spatial variables riverine distance and subbasin were the most important to explain fish community structure for overall fish assemblage compositions and intermediate species set.
Discussion
Contrary to our first expectation, although the intermediate species presented significant P-values associated with the pure environmental fractions and the pure spatial fractions (fitting the species sorting and mass effect metacommunity models), the low contribution of the pure environmental component makes weak any inference on niche-based processes. Dispersal is well recognized as a key process structuring freshwater fish communities (Taylor and Warren 2001) ; however, for many stream fishes, the real role of dispersion is poorly known. Other studies suggest that habitat-specialist stream fish demonstrate high endemism due to their reduced capacity of displacement (Castro 1999; Gerhard 1999) . Niche-based processes are a consistent and strong driver only of the satellite species set, this assemblage were influenced mainly by local-scale environmental variables, and this result upheld our second expectation. Finally, our last expectation was corroborated, the metacommunity set and the satellite species revealed the same pattern, only the spatial component was significant.
The importance of niche-based processes for satellite species is consistent with the evidence registered for habitat specialists in other deconstructive studies of freshwater metacommunities (Urban 2004; Cottenie 2005; Pandit et al. 2009; Algarte et al. 2014; Petsch et al. 2015) . Our analysis revealed the importance of allochthonous resources at the local-scale and landscape for headwater stream fishes of the Machado River basin, because trees at the stream riparian buffer, and mature forest at the microbasin, explain the greatest portion of the variation of fish community structure in the specialist species set. For the data set including all of the species and the intermediate species, the variance of selected environmental variables was explained mainly by landscape scale variables.
According to Heino (2013) , there are two kinds of metacommunity-structuring forces of different origins: the natural (biogeography) and the anthropogenic ones (land use). The Bnatural driver^of the studied basin presumes a common history with the Paraguay River basin in the south portion (Carvalho and Albert 2011) and with the Madeira River in the north portion of the basin. Therefore, the species pool within the Machado River basin was formed by distinct events during its history. The deforestation may be is acting as an Banthropogenic driver^, modifying the patterns of local coexistence of similar species that have similar requirements (Leibold 1998) .
Secondly, land use changes (i.e. from forests to cleared forest lands from agriculture, or from forests to pasture grasses) represent one of the most important threats to aquatic communities, these changes lead to the reduction of connectivity between local communities (Heino 2013 ) and modify metacommunity dynamics, which can speed up extinction processes by hindering overall dispersion, the dispersal of the species pool from the main channel to the tributaries, and also the dispersion from the other tributaries. With the results obtained for pure spatial structure, the intermediate species set and the metacommunity set are able to disperse throughout the riverine network and throughout the subbasins, establishing in environmentally suitable sites. Contrary, the satellite species only are able to disperse throughout the riverine network but not among subbasins. Probably it happens because satellite species are more restricted and the riverine distances between sites are shortest than distances between subbasins, considering that most of the sites of satellite species (26 streams =~70% of the sites) are restricted to three subbasins that contains most of fish species abundances (1268 individuals =~79% of the abundances). Therefore, the composition and abundances of the three data sets in this basin are affected in different ways by the changes in land use, which influence environmental variables (at landscape and local scale) and spatial variables. The intermediate species set was influenced by dispersal processes; hence the spatial variable riverine distance act as a broad filter structuring this assemblage. The intermediate species shows broad environmental tolerances and can exploit structurally simplified streams localized in deforested areas where ultisol is dominant and/or heterogeneous streams where forested areas are predominant. In simplified streams, the ichthyofauna may respond to the degradation of the riparian buffer by shifting the species composition and the functional traits (Casatti et al. 2012) , and by the dominance of opportunist and tolerant species (Casatti et al. 2009 ), such as the species Serrapinnus microdon and S. notomelas. It is well known that riparian vegetation in headwater streams (orders 1-3) influences the instream environment (Vannote et al. 1980; Schlosser 1982; Gregory et al. 1991; Pusey and Arthington 2003; Sweeney and Blaine 2007; Sweeney and Newbold 2004) . This riparian vegetation provides shade (Vannote et al. 1980 ) and, therefore, limits local productivity (Sabater et al. 2000) . By contrast, logged riparian buffers exhibit high local productivity, notably filamentous algae (Biggs et al. 1998) , increasing the amount of autochthonous resources that can be consumed by intermediate species, which are the most abundant in such conditions. In contrast, in structurally heterogeneous streams, other species of the intermediate species set also can take advantage of the allochthonous resources (woody elements, substrate heterogeneity, and mesohabitat heterogeneity) that are abundant in this scenario. The relatively more spaced-out distribution of intermediate species probably permit that can exploit both scenarios mentioned (homogeneous streams and heterogeneous streams)
The satellite species had specific demands that depend on allochthonous structures (e.g., fine roots, litter packs, branches, and trunks derived from trees and shrubs in the riparian buffer) (Fig. 4) . For example, these structures benefit the reproductive guilds of some satellite species, as the brood hiders (Hyphessobrycon and Moenkhausia species) that spawn in contact with specific substrates often stream bottom or vegetal material, that provide cover for developing of ichthyoplankton; and the open substrate spawners (Pimellodella species), that scatter eggs over some substrate available in the water column (Winemiller et al. 2008) . In clear contrast with the intermediate species, that they can survive in homogeneous streams whereas these structures are absent (Fig. 5) . The organic material intake deposited on the forest floor can be moved into the streams by wind (Elosegi and Pozo 2005) and mainly surface runoff during high water levels. These elements can contribute to mesohabitat (e.g. pools, riffles, runs) and microhabitat (e.g., substrate type, water depth, current) variability (Frissell et al. 1986 ). In this context, both species groups (the intermediate and satellite species) can exploit mesoand microhabitats for foraging, reproduction and shelter, but in absence of these structures the satellite species would be unable to survive.
It is important to mention, that the amount of unexplained variation obtained for each data set were high. This pattern is very common in ecological studies and probably is caused by noise in species abundance or occurrence data sets (ter Braak and Šmilauer 1998; Titeux et al. 2004) . Likely, other important variables not included in this study, such as biotic interactions (Pandit et al. 2009 ) and/or spatiotemporal stochastic events (Titeux et al. 2004 ) that affect the composition and abundances of stream fishes, may help to explain the residuals.
In summary, our findings revealed that exists distinct responses between intermediate and satellite stream fish species from the Amazonian Machado River basin, the intermediate species are explained only by dispersalbased processes, and the satellite species are mainly explained by two processes, mainly niche-based processes and secondly by dispersal-based processes.
Comparing our results with Pandit et al. (2009) predictions, the fish metacommunity studied has the same pattern of invertebrate metacommunity from Jamaican rock pool, satellite species has the same pattern of habitat specialists and intermediate species has the same pattern of habitat generalists.
The results of this deconstructive framework suggest that conservation and maintenance of regional biodiversity depend on the knowledge of the regional species pool and the specific demands of habitat specialization. Because traditional metacommunities analyses are conducted with the entire set of species, they neglect any conclusion about the specific requirements of species. Just as important as discriminating habitat requirements for each species set is to understanding how different sets and scales of variables are related to different species sets. Specifically, for river basins that were recently deforested, remnants of preserved areas could be of great value because they are still able to harbor subsets of satellite species that can play a role as source assemblages in the regional context. the anonymous reviewers and the editor in Chief. MAPM received fellowship from the Programa de Apoio a Estudantes de Doutorado do Exterior AUIP/UNESP; FBT and LC are supported by the CNPq; GLB is supported by FAPESP (2012/21916-0 and 2015/05827-6) . We thank the UEG for funding the manuscript translation.
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